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Detection of Epstein-Barr virus DNA in cardiac and 
aortic tissues from chronic, active Epstein-Barr virus 
infection associated with Kawasaki disease-like 
coronary artery aneurysms 

Hideaki Kikuta, md, Yuklo Sakiyama, Ma Shuzo Matsumoto, Ma 
isamu Hamada Ma Makoto Yazaki, Ma Toshimitsu Iwaki, md ( 
and Masao Nakano, md 

From the Department of Pediatrics, Hokkaido University School of Medicine, Sapporo, the Pe- 
diatric Clinic, National Hakodate Hospital, Hakodate, the Department of Pediatrics, Nagoya 
City University Medical School, Nagoya, and the Department of Pediatrics. Gifu Prefectural 
TaJIml Hospital. Gffu, Japan 

We describe three patients with chronic, active Epstein-Barr virus infection asso- 
ciated with Kawasaki disease-like coronary artery aneurysms. The Epstein-Barr 
virus genome was detected in three cardiac tissue samples and one aortic tis- 
sue sample examined by means of the polymerase chain reaction. These find- 
ings suggest that chronic Epstein-Barr virus Infection may play a pathogenic role 
in the development of coronary artery aneurysms. (J Pediatr 1993;123:90-2) 
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Chronic, active Epstein-Barr virus infection is character- 
ized by fever, lymphadenopathy, splenomegaly, hepatitis, 
interstitial pneumonitis, and uveitis. Laboratory findings 
include anemia, thrombocytopenia, leukopenia, and hyper- 
gammaglobulinemia with a very high titer of EBV anti- 
bodies 1 - 2 ; cardiac involvement is rare. To our knowledge, 
our previous report of CEBV associated with coronary ar- 
tery aneurysms was the first. 3 We now report three patients 
with CEBV associated with coronary artery aneurysms, 
similar to the findings of Kawasaki disease. 4 

METHODS 

Subjects. Three Japanese patients with CEBV and coro- 
nary artery aneurysms were studied (Table ). Coronary ar- 
tery aneurysms were detected by cross-section echocard i- 
ography. All patients had a chronic illness characterized by 
prolonged fever, coronary artery aneurysms, hepatosple- 
nomegaly, liver dysfunction, and hypergammaglobuline- 
mia. In addition to coronary artery aneurysms, patients I 
and 3 had dilation of the sinus of Valsalva, and patient I 
died of rupture of the sinus of Valsalva. Patients 2 and 3 also 
had pericarditis. These patients had several other manifes- 
tations of EBV infection: interstitial pneumonitis in patient 
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1, interstitial nephritis 5 in patient 2, and rash in patient 3 
(Table). None had mucous membrane involvement.The 
DNA was extracted from different sites in three patients 
with CEBV and two control cardiac tissues. Human DNA 
samples from Raji cells and Molt-4 cells were used as pos- 
itive and negative control samples, respectively. Human 
embryonic fibroblast cells infected with herpes simplex vi- 
rus type 1 (Seibert strain), varicella-zoster virus (wild type), 
and human cytomegalovirus (wild type) and human herpes 
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virus - 6 infected cord blood mono n uclear cell s were U3cd for- 
these studies. 

EBV serologic tests. Antibody titers to the EBV viral 
capsid antigen and early antigen were determined by indi- 
rect immunofluorescence. Antibody titers to EBV-deter- 
mined nuclear antigen were determined by anticomplement 
immunofluorescence. 3 

Polymerase chain reaction. The PCR was performed ac- 
cording to a previously described method. 6 The PCR reac- 
tion mixture consisted of 200 /zmol of each deoxyribonucie- 
otide, 2.5 U of Taq DNA polymerase, 50 nmol of potassium 
chloride per liter, 10 mmol of Tris-HCl (pH 8.3) per liter, 
1.5 mmol of magnesium chloride per liter, 0.01% (wt/vol) 
of gelatin, 20 pmol of each oligonucleotide primer, and 1 /ig 
of DNA in a volume of 1 00 fd. Samples were then subjected 
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Figure. Ethidium bromide staining of PCR products. Aliquots (10 m0 of PCR products were subjected to electrophore- 
sis. Lane 1 , Aortic tissue DNA from patient 2; lane 2. cardiac tissue DNA from patient 2: lane J. cardiac tissue DNA 
from patient 3; lane 4, cardiac tissue DNA from patient I; +, Raji cell DNA, positive control sample; Molt-4 cell DNA, 
negative control sample; 6p, base pairs. 



Table. Clinical and laboratory findings in three patients 
with CEBV 

Patient No. 



Age (yr)/gender 2/M 6/F 5/F 

Prolonged fever + + + 

Coronary artery aneurysms + + + 

Dilation of sinus of Valsalva + - + 

Pericarditis - + + 

Rash - - + 

Mucous membrane involvement — - - 

Desquamation of fingertips - - - 

Lymphadenopathy + + - 

Hcpaiosplenomegaly -f + + 

Liver dysfunction + -f + 

Interstitial nephritis — + - 

Interstitial pneumonitis + - - 

Leukopenia — — — 

Anemia + - + 

Thrombocytopenia - - - 

Thrombocytosis - - — 

Hypergammaglobulinemia + + + 
EBV antibody titer 

VCA-IgG J 0,240 20,480 5,120 

EA-IgG 2,560 5,120 5,120 

EBNA 160 40 10 



to 35 cycles of PCR, each consisting of 1 minute of dena- 
turation at 94° C t 2 minutes of annealing at 55° C, and 3 
minutes of polymerization at 72° C by a DNA thermal cy- 
cler (Perkin-Elmer Cetus, East Norwalk, Conn.). The PCR 
procedure, was performed with primers 5' -GTGACT- 
TCACCAAAGGTCAG-3 ' and 5 ' -TT A AAGTCCACT- 
TACCTCTG-3'. The primers amplify'and detect a 410- 
base-pair sequence in the region within the EBV BamHl-W 
fragment. 

Southern blot hybridization. Electrophoresis of 10 y\ of 
the PCR product was performed on 1.8% agarose gel. The 
gel was stained with 1 jig of ethidium bromide per milliliter 
for 5 minutes, and the DNA bands were visualized under 
ultraviolet light. The PCR product was transferred on.to ni- 
trocellulose membrane filters. Each filter was hybridized 
with 32 P-labeled cloned fragment BamHl-V/ of the EBV 
genome for 48 hours at 41 ° C in IX standard saline citrate 
(0.15 mol sodium chloride per liter and 0.015 mol sodium 
citrate per liter), 50% formamide, 0.5% sodium dodecylsul- 
fate, and heat-denatured salmon sperm DNA, 100 /ig/ml. 
After hybridization, the filters were washed three times at 
room temperature in 0. IX standard saline citrate with 0.1% 
sodium dodecylsulfate and then incubated three times for 1 
hour at 50 5 C. The filters were dried and exposed to x-ray 
film at -80° C. 7 

RESULTS 

In all these patients, EBV serologic tests revealed ex- 
tremely high IgG antibody titers against early antigen and 
viral capsid antigen (Table). There were no significant el- 
evations in antibody titers to other herpesviruses or to mea- 
sles virus in these patients, or to adenovirus in patients 1 
and 2. 



VCA, Viral capsid antigen; EA, early antigen; EBNA, EBV-dctermined nu- 
clear anligen. 

The PCR-amplified genomic Raji cell DNA was con- 
firmed on ethidium bromide-stained gel and by Southern 
blot hybridization with a radiolabeled EBV BamBl-W 
fragment. When DNA samples from cells infected with 
herpes simplex virus type 1 , varicella- zoster virus, human 
cytomegalovirus, and human herpesvirus-6 were used as 
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templates in the PCR reaction, no amplification was noted 
by direct gel analysis or Southern blot hybridization. 6 The 
EB V genome, as indicated by the 4 1 O-base-pair DN A band 
identical to that of the positive control sample, was detected 
in cardiac tissue DNA from all three patients and in aortic 
tissue DNA from one patient (No. 2) on direct gel analysis 
(Figure ). In two control cardiac tissue samples, the PCR 
procedure did not detect the EBV genome. In tissue sam- 
ples from the spleen, kidney, and lung of these three 
patients, the PCR procedure detected the EBV genome. The 
EBV genome was also detected in aortic tissue of patient 2 7 
and in cardiac tissue of patient 3 by Southern blot hybrid- 
ization without prior DNA amplification. 

DISCUSSION 

Vascular and endovascular complications are rare in 
EBV infection. Loeffel et a!. 8 reported an 8-year-old boy 
with X-linked lymphoproliferative syndrome and aneu- 
rysms of central nervous system arteries; the autopsy 
revealed necrotizing vasculitis in the central nervous system 
and microscopic changes in the coronary arteries. Ilowite et 
al. 9 described a 12-year-old boy with Wiskott-Aldrich syn- 
drome who subsequently had pulmonary vasculitis associ- 
ated with EBV-induced lymphoreticular proliferation; the 
lung biopsy specimen showed vasculitis involving small to 
medium-sized arteries and veins. 

We now have identified three patients with CEBV 
accompanied by coronary artery aneurysms. All three had 
high antibody titers to replicative antigens of EBV and no 
significant elevations in antibody titers to other herpesvi- 
ruses, measles virus, or adenovirus. We were not able to test 
for the presence of the EBV genome in coronary arteries. 
However, detection of the EBV genome in the heart and 
aorta suggests that EBV may play a pathogenic role in the 
development of coronary artery aneurysms in CEBV. 

Kawasaki disease is thought to be a self-limited, immu- 
nologically me diated vasculitis. We previously reported a ; 
link between KD and EBV;4SJ (S6%)of $1 patients with KD 
and 15 (68%) of 22 with recurrent KD had serologic 
evidence of an unusual primary EBV infection. 10 ' 11 The 
EBV genomes were identified directly by means of the PCR 
in peripheral blood mononuclear cell DNA samples from 21 
(60%) of 35 patients within 2 weeks after the onset of KD. 
Furthermore, EBV genomes were also detected in all six 
patients who were repeatedly tested within 3 months after 
disease onset. In contrast, only 2 (12%) of 17 control DNA 
samples showed positive PCR results. 6 Epstein-Barr virus 
genomes were frequently detected in peripheral blood 
mononuclear cell DNA from KD patients, indicating that 
there were much higher proportions of EBV-infected cells 
in their peripheral blood mononuclear cells than in those of 



normal control samples. These virologic studies indicate 
that an unusual EBV-cell interaction may exist in KD. 

A broad spectrum of associated features and complica- 
tions has been reported with CEBV, Coronary artery aneu- 
rysms constitute one of the clinical features and appear not 
to be as rare in these patients as previously assumed. These 
three patients did not have the clinical hallmarks of KD but 
all had coronary artery aneurysms. Their recurrent episodes 
of fever during 6 months to several years can be distin- 
guished from those of atypical KD. 12 All the patients with 
CEBV associated with coronary artery aneurysms died 
within 5 years of onset. We recommend periodic echocar- 
diographic examinations for all patients with CEBV. Fur- 
ther studies are needed to explain the relationship between 
coronary artery aneurysms and EBV infection. 

REFERENCES 

1. Schooley RT, Carey RW, Miller G, et al. Chronic Epstein- 
Barr virus infection associated with fever and interstitial 
pneumonitis: clinical and serologic features and response to 
antiviral chemotherapy, Ann Intern Med 1986;104:636-43. 

2. Straus SE. The chronic mononucleosis syndrome. J Infect Dis 
1988;157:405-12. 

3. Kikuta H, Taguchi Y, Tomizawa K, et al. Epstein-Barr virus 
genome-positive T lymphocytes in a boy with chronic active 
EBV infection associated with Kawasaki -like disease. Nature 
1988;318:455-7. 

4. Kawasaki T, Kosaki F, Okawa S, Shigematsu I, Yanagawa H. 
A new infantile acute mucocutaneous lymph node syndrome 
(MLNS) prevailing in Japan. Pediatrics 1974;54:271-6. 

5. Kopolovic J, Pinkus G, Rosen S. Interstitial nephritis in infec- 
tious mononucleosis. Am J Kidney Dis 1988;12:76-7. 

6. Kikuta H f Nakanishi M, Ishikawa N, Konno M, Matsumoto 
S. Detection of Epstein-Barr vims sequences in patients with 
Kawasaki disease by means of the polymerase chain reaction. 
Intervirology 1992;33:1-5. 

7. Kikuta H, Nakanishi M, Sakiyama Y, Matsumoto S. Chronic 
active Epstein-Barr virus (EBV) infection is associated with 
clonotypic intracellular terminal regions of the EBV. J Infect 
Dis 1989;160:546-7. 

- 8. LOGflcl S Thing P - H , Hf»yn ft, M si N^roliVing lymph^ 

vasculitis in X-linked lymphoproliferative syndrome. Arch 
Pathol Lab Med 1985;109:546-50. 
9. Ilowite NT, Fligner CL, Ochs HD, et aL Pulmonary angiitis 
with atypical lymphoreticular infiUtrates in Wiskott-Aldrich 
syndrome: possible relationship of lymphomatoid granuloma- 
tosis and EBV infection. Clin Immunol Immunopathol 1986; 
41:479-84. 

10. Kikuta H, Mizuno F, Osato T, et al. Kawasaki disease and an 
unusual primary infection with Epstein-Barr virus [Letter]. 
Pediatrics 1984;73:413-4. 

1 1 . Kikuta H, Matsumoto S, Yanase Y, Kawasaki T, Mizuno F, 
Osato T, Recurrence of Kawasaki disease and Epstein -Ban- 
virus [Letter]. J Infect Dis I990;t62:1215. 

12. Rowley AH, Gonzalez-Cmssi F, Gidding SS, Duffy CE, 
Shuhnan ST. Incomplete Kawasaki disease with coronary ar- 
tery involvement. J Pediatr 1987;110:409-13. 



M Mosby 



THE JOl%NAL OF 

PEDIATRICS 

COPYRIGHT© 1993 BY MOSBY- YEAR BOOK, INC 



Contents 



JULY 1993 



Original articles 



Development and significance of zidovudine resistance in children 
infected with human immunodeficiency virus 

Mark T. Ogino, MD, Wayne M, Dankner, MD, and 
Stephen A. Spector, MD, San Diego, California 



Resistance to zidovudine was found to be a negative prognostic factor 
in children infected with human immunodeficiency virus; growth and 
CD4+ cell counts were reduced, and death was more likely. Substitu- 
tion or addition of a second antiretroviral drug was sometimes bene- 
ficial. See related article on page 9. 

High-level resistance to zidovudine but not to zalcitabine or 
didanosine in human immunodeficiency virus from children receiving 
antiretroviral therapy 

Robert N. Husson, MD, Takuma Shirasaka, MD, PhD, 
Karina M. Butler, MB,BCh. Philip A. Pizzo, MD, and 
Hiroaki Mitsuya, MD, PhD, Bethesda, Maryland 

Isolates of human immunodeficiency virus type 1 were evaluated for 
resistance to antiviral therapy by using a selective polymerase chain 
reaction technique to identify mutations associated with resistance. 
Combination therapy did not prevent the emergence of resistance. New 
methods to prevent the development of resistance to nucleoside analogs 
are needed. See related article on page 1, 

Prevalence of urinary tract infection in febrile infants 

Alejandro Hoberman, MD, Han-Pu Chao, MD, 

David M. Keller, MD, Robert Hickey, MD, Holly W t Davis, MD, 

and Demetrius Ellis, MD, Pittsburgh, Pennsylvania 

A study of febrile infants seen in an emergency department showed that 
about 5% had a urinary tract infection, regardless of whether UTI was 
suspected or other potential causes of fever were identified. The inci- 
dence was highest in white girls. Microscopic urinalysis was not a sen- 
sitive method of screening; urine culture was required for the diagnosis 
of UTI. 
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